Many spiroplasmas have been isolated from various tick and insect species (8-12, 25, 37, 43) . The first mosquitoderived spiroplasma was obtained from Aedes sollicitans females by Slaff and Chen (31) . This spiroplasma, strain AES-1, which was found to be serologically unrelated to the spiroplasmas in all other established serogroups, is the only reported representative of serogroup X. In a search for arthropod-borne viruses and other pathogens in mosquitoes in the northern Alps of France in July 1983, several helical procaryotes were unexpectedly isolated from the triturates of various mosquito species groups (7). Electron microscopic studies of the organisms growing in broth culture medium showed them to lack a cell wall and periplasmic fibrils. These morphological observations enabled us to recognize them as spiroplasmas.
In one-way deformation tests of Ar-1343T spiroplasmas against antisera to spiroplasmas belonging to groups I through XI and subgroups 1-1 through 1-8, no relationships were observed. These results were subsequently confirmed by both metabolism inhibition and growth inhibition tests. On the basis of these serological tests, strain Ar-1343T was designated the representative strain of a new group, XIII, according to the classification originally proposed by Junca et al. (22) and subsequent revisions (40) (41) (42) .
In this report, we present data for strain Ar-1343* that fulfill the minimal species requirements for the class Mollicutes as proposed by the International Committee on Systematic Bacteriology Subcommittee on the Taxonomy of Mollicutes (20, 38) . On the basis of these data, it is proposed * Corresponding author.
that strain Ar-1343T be recognized as a new species in the genus Spiroplasrna.
MATERIALS AND METHODS
Origin of strain. Female mosquitoes were collected while feeding on humans at Chamousset (Savoy), France, on July 5 , 1983. After being collected, the mosquitoes were anesthetized with C02, separated into species groups, and placed in liquid nitrogen for transport to the laboratory. Arthropod number 1343 (Ar-1343T) was composed of a mixed pool of 34 female Aedes sticticus and Aedes vexans mosquitoes.
Culture media and cultivation procedures. The mosquitoes were triturated in 3 ml of phosphate-buffered saline containing 0.75% bovine albumin (Armour Pharmaceutical, Eastbourne, England) without antibiotics. This triturate was centrifuged for 3 min at 800 rpm at 4"C, and a sample of the supernatant was tested for the presence of virus. The remainder was centrifuged again for 10 min at the same speed at 4"C, and the supernatant was then forced, by hand pressure, through a membrane filter (pore size, 220 nm). Tubes containing 1 ml of SP-4 medium (35, 36) were inoculated with 0.3 ml of filtrate and incubated at 30°C. After 10 days, the pH indicator in the medium had shifted to the acid color, indicating that growth had occurred. Dark-field microscopy of samples revealed the presence of motile helical filaments. The isolate was triply filter cloned on SP-4 agar medium, and 1-to 2-ml samples of a batch culture were lyophilized.
The Ar-1343T strain was maintained in SP-4 or M1D (21) media by passing a 10% inoculum every 1 or 2 days into fresh media. Agar colonies were obtained by plating suspensions on 1.6% Noble agar (Difco Laboratories, Detroit, Mich.) in SP-4 or M1D media. To provide a uniform source of spiroplasmas, a 50-ml batch culture was prepared and samples were taken in mid-logarithmic phase in 0.5-and 1-ml volumes in microtubes and stored at -70°C. The titer of this culture was lo9 CCU/ml.
Source of other spiroplasmas. Other spiroplasmas were compared with strain Ar-1343T spiroplasma. These included Spiroplasma citri Maroc R8A2T (ATCC 27556) (subgroup 1-1 [28, 39] Filtration studies. An M1D broth culture of strain Ar-1343T that had been incubated for 1 day at 22°C was passed through a series of membrane filters with graded pore diameters (450, 300, 220, and 100 nm) by using a hypodermic syringe and minimum hand pressure. Each filtrate was diluted in a series of 10-fold dilutions in M1D medium, and all tubes were incubated at 22°C. After 7 days, the tubes were examined for growth by identifying the last tube that showed growth of helical cells and a color change. The results were expressed in color changing units per milliliter.
Morphology. Cultures of strain Ar-1343T were routinely monitored by dark-field microscopy (33). For electron microscopy, cells were fixed for l h in 2% glutaraldehyde in M1D medium, postfixed in 1% osmium tetroxide for 1 h, dehydrated in acetone and embedded in epon-araldite; sections were stained with 2% aqueous uranyl acetate and Reynold lead citrate.
Temperature requirements. Temperature requirements were determined by diluting the batch culture suspension in M1D medium to give about 106 CCU/ml. Four tubes, each containing 2 ml of this dilution, were incubated at one of four temperatures: 22, 30, 32, and 37°C. At subsequent intervals, growth was assessed by removing a 0.1-ml sample and preparing a 10-fold dilution series to determine the color changing unit per milliliter. Each of the dilution series was evaluated by examination of the dilutions near the endpoint by dark-field microscopy.
Sterol requirements, The growth response to cholesterol was determined by a technique modified slightly from the recommended method (26, 36) . Seven individual flasks of a basal medium, without serum, were prepared and supplemented with palmitic acid, albumin, Tween 80, and four levels of cholesterol solubilized in 95% ethanol. The materials and concentrations employed were similar to those noted in the recommended procedure (26) . Each medium preparation was distributed in a series of 10 culture tubes (0.9 mlhbe), and tubes with the basal medium containing 1% bovine serum fraction were included. The first tube of each series was inoculated with 0.1 ml of a 3% inoculum of a 2-day-old culture of strain Ar-1343T; the diluent for the inoculum was the basal medium. Dilutions (10-fold) were made in each series, and all tubes were incubated at 30°C. At subsequent intervals, the growth in each series was assessed by noting turbidity and color change in the medium. The results were expressed in color changing units per milliliter.
Biochemical tests. Substrate tests were performed in 1% bovine serum fraction broth, by procedures described earlier (2, 13) . Film and spot reactions and hemadsorption tests were performed on solid medium (SP-4 broth with 0.8% Noble agar) by techniques described elsewhere (2, 4, 18, 24) .
Serological tests. Hyperimmune antiserum against strain Ar-1343T was prepared as described previously (34) . Disk growth inhibition tests (14, 42) were performed with spiroplasma grown in M1D medium. The antigens grown in broth were diluted to a concehtration of about lo5 CCU/ml. The techniques used for the deformation and metabolism inhibition tests have been described previously (44, 45) .
Genomic analysis. The procedures used for deoxyribonucleic acid extraction and the determination of guanine-pluscytosine content of the deoxyribonucleic acid of strain A~1 3 4 3~ have been described elsewhere (3, 5, 6, 22) .
Susceptibility to antibiotics.
The techniques for determining the susceptibility of strain Ar-1343T to antibiotics have been described previously (1, 16, 23) .
RESULTS

Morphological and cultural properties.
A primary culture of strain Ar-1343T was obtained after 10 days ih SP-4 medium at 30°C. The subcultures grew rapidly, produced turbidity, and acidified the medium within 24 h. Similar growth was apparent when the organisms were subcultured in other spiroplasma broth media (MlA, and M1D media and medium containing 1% serum fraction). The presence of penicillin (500 U/ml) had no influence on growth rates or yields. Strain Ar-1343T grew at 22, 30, and 32°C but not at 37°C. At 22 and 30°C, titers of lo1' CCUlml were achieved.
At 32"C, the peak titer was lo9 CCUlml (Table 1) . Cultures examined by dark-field microscopy contained many long, motile, helical cells. In stationary growth (cultures maintained at 30°C more than 48 h), the organisms became deformed, but some evidence of a helical structure persisted for many days. Electron microscopy of organisms that were negatively stained showed no evidence of periplasmic fibrils or cell wall material. Thin sections of plastic-embedded pellets verified the presence of a unit membrane, typical of the genus (15), surrounding each cell (Fig. 1) .
Strain Ar-1343T formed diffuse colonies on solid medium containing 1.6% Noble agar after 5 days. Classic fried-egg colonies, such as those observed with most nonhelical mollicutes, were not formed; numerous satellite colonies were observed around the central zone. The satellite growth suggested that some spiroplasma cells had migrated through the agar from the primary site of growth.
Reversion studies. Cultures of strain A1--1343~ were maintained in antibiotic-free broth medium for five passages without reversion to bacterial forms. Cultures examined by dark-field microscopy were characterized by typical helical organisms with no evidence of forms with a wall.
Filtration studies. An 18-h broth culture of strain Ar-1343T contained lo9 CCU/ml before filtration through a graded series of membrane filters. The number of color changing units per milliliter after filtration through membrane filters with average pore diameters of 450,300, and 220 nm was lo9, lo8, and lo6, respectively. The organisms did not pass through membrane filters with an average pore diameter of 100 nm.
Biochemical properties. Strain Ar-1343T fermented glucose and hydrolyzed arginine, whether or not glucose was present in the medium. As with S . citri (32) , when both substrates were present, the medium first became acid, but eventually, as the arginine was catabolized, became basic. Strain Ar-1343T did not hydrolyze urea. Film and spot response was negative. Colonies of strain Ar-1343T grown on soft agar did not hemadsorb guinea pig erythrucytes.
Sterol requirements. The results of the modified sterol test are presented in Table 2 . Significant growth of stfain Ar-1343T was not observed in the basal medium or when supplements of albumin, palmitic acid, or Tween 80 were added. However, the addition of 1 to 20 pg of cholesterol per ml to the basal medium containing fatty acid supplements did induce greater growth of the organisms, indicating a requirement of sterol for growth.
Serological tests. Homologous antiserum directed against strain Ar-1343T produced an 8-mm diameter of growth inhibition. Heterologous antisera directed against the representatives of serogroups I through XI and subgroups 1-1 through 1-8 failed to inhibit the growth of strain A1--1343~. The results of reciprocal deformation and metabolism inhibition tests confirmed the unique serological status of spiroplasma strain A1--1343~ (Tables 3, 4 , and 5). Thus, our serological data demonstrated that strain A1--1343~ represents a group of spiroplasmas that is distinguishable from all other currently recognized spiroplasma serogroups and subgroups.
Genomic analysis. The guanine-plus-cytosine content of the deoxyribonucleic acid of strain Ar-1343T was determined from its melting temperature (assayed spectrophotometrically in six independent analyses) and from its buoyant density (obtained by equilibrium centrifugation in CsC12 in six independent analyses). The guanine-plus-cytosine content was 29.6%, as determined by the melting temperature method, and 30.2%, as determined by the buoyant density method.
Susceptibility to antibiotics. The results have been published elsewhere (1) .
DISCUSSION
The serological data obtained in this study clearly demonstrate that strain Ar-1343T is not related to any previously described spiroplasma serogroup or subgroup. Strain Ar-1343T has been designated as the representative of a new spiroplasma serogroup (group XIII). Collections of mosquitoes at the same site have yielded additional spiroplasma strains. Two of these, Ar-1757 and Ar-1754, collected in July 1985 from mixed pools of Aedes cantans plus Aedes annulipes and A . cinereus plus A . geminus, respectively, are partially related to A1--1343~. Additional studies, especially reciprocal serological tests, will be required to establish their true serological relationships.
Strain Ar-1343T is not the first mosquito-derived spiroplasma. Slaff Strain Ar-1343T has been shown to be a member of the class Mollicutes (17, 19) , since they are wall-less procaryotes, are resistant to penicillin, and are filtrable through membrane filters with a pore size of 220 nm. The strain can be put in the family Spiroplasmataceae (29, 30) and in the genus Spiroplasma (27) because of their helical morphology, growth characteristics, requirement for sterol, and genomic features. We propose that the organism be designated Spiroplasma sabaudiense sp. nov. The taxonomic description given below summarizes the properties of the organism. This work was supported in part by grant C.R.E. 858008 from the Institut National de la Santd. et de la Recherche Medicale, Paris, France.
